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This invention relates to a mtthod and apparatus tox 
Denting a» elongated epace or a location containing an elongated 
heutor. Ho ire particularly, the invention relate! to hv* alectrlcaJ 
resistance heater for heatin* an clonal* tod *uj>terr*mcan borehole 
At rates which are different at different depth*; of the borehole, 

;it 1ft known to bo benoficiel to u«* elongated heaters 
jjuch as wall heater*, for heating Intervals ot eubterrenaan i*arth 
format ten;;, pipe Interiors, or other elongated spaces. In various 
actuations, it is desirable to heat such spaces at relatively high 
10 tenperatiiTaa tor relatively long tifteu. Beneficial results 
obtained by Buch heating may Include pyrolialog oil eUala 
formations, coking oil to consolidate unconsolidated roacrvoU 
£q relatione, coking oil to form electrically conductive oarbonlzed 
rones capable of operating a» electrode* within a reservoir 
formation, thermally displacing hydrocarbons derived fro* olle or 
tare into production locations, preventing formation of hydratotJ, 
pr*uJ.pitatC5, or the like in fluids which are being produced from 
wells and /or transmitted through pipea, or the like. 

The invention aittd to provide a heating apparatus which 
20 1& capable of generating beat at different rates at different 
depth* in a well. 

In accordance with the Invention there ti provided in a 
process in which subterranean earth formations within en interval 
rcoto thnn 100 foet long are heated to a teaperaturs of more than 
600° C. f so that heat do Injected substantially uniformly l/ito that 
Interval, an improvement for constructing and -installing a heater 
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having an electrical cable heating section wbich is free of 
Hp.Ucefi, do*ipfioijjg» constructing; *uid heating cablo uection by 
compressive Ly evaginii at least- one portion of a J unot ion-tree 
electrical beat tag c&blft to reduce ita sit* at Haiti at lwajJt one* 
portion, said cable It at least a» long an the sarth formation 
interval to be beatcd and comprises aa aaially aiitfhtd, malleable, 
electrically conductive core cyrrouoded by granular mineral 
insulation within a metal ohoath, so that swaged portion generates 
heat at a rate higher than the one waged portion; correlating the 

10 location 01 S«ild swaging; with bho pattern of heat conductivity in 
the earth formation interval ao that at leant one oomp re naively 
imaged portion of the cable in located along tha cable in a 
position auch that, when the cable In extended aloug the earth, 
formation interval to be h*atoo\ the compr^saivoly swagoU portion 
is adjacent to a portion of the earth formation interval In which 
Che heat conductivity is relctiv&ly highp connecting onid 
selectively swaged heating cable section to at least one power 
supply cable and spooling the interconnected cabiea? and 
unspooling the interconnected cabin into a velJtoore along with a 

20 weight-supporting metal conduit while periodically attaching the 
cable-* to the conduit and extending the cables and conduit to a 
depth at which the conpresuiveiy swaged portions ut the cahla are 
positioned adjacent to the oarth formations having a relatively 
high thermal conductivity • 

The invention will now be explained in mors detail »Jth 
reference to the accompanying drawings, in which i 
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rigrurt 1 in a throe- dimensional i I in » tratt ion Of an 
electrically conductive cahie contMnlug staged and un**ayod 
portion* suitable £or uie In the present invention. 

figure 2 *ohesifttloaUy iUuntraxea tne installing 
aluctrlcal zesistance heater withirj the wall In accardeaco with 
the pceaent taveifttlou. 



2a 
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rigirre 3 store a splice between a nRtal^ahaatfiSd insula 
power supply cable- and a »tnl- shoaled insulated cable SUltaMe A* 
a beating element of tfcs presunt invention, 

Figures 4 au3 & illustrarta apllcoc for electrically intar- 
5 connecting the ccrtfuctive corea of a pair of iretal-shftarthea mineral- 
insulated heating cables suitable u» being cabJ.es .in the preeent 
invention. 

Figure 6 show an electrical power supply ciroait suitable for 
use in the present invention. 

IjO Tte present invention is at least in part pr end wed on a 

discovery that the propevtioa of an electrical oendootor (such ae a 
metal-shoathed aolid raterial-infculatcd electrically conductive 
cable ccntalnire? a single copper core) ere sash that results of an 
application of oonpressive swaging to the outside of the roetal 

15 sheath are tr ana irdttod through the insulation to tho core of the. 
cable in a manner such th&t CftOh of these ccflponents ore 
substantially siaultasjeojfily reduced in cxnes^aectiunal circa by the 
s&m relative amounta* Tne reductions In the cable core croas- 
* actional are* can be controlled to cause the swaged, portion of the 

20 cable, to generate a significantly higher orevnt of heat per unit 

tine than tbafc *hich would have been generated without the swaging, ■ 
even at a substantially Icnex temperature. 

In a proforred ©ntodiwent of tbR invention f such a swaging ie 
doos by a process ot rotary swaging, amounting to ocirprossi]^ the 

25 cable with many b]ows applied by rotating dies. Rotating a waging 
devinea and techniques aro known and <xnToercially available. Bucb 
Trechinaa coononly contain two die? which reciprocate rapidly ac a 
spindle in *hiOi thay *ru mounted ic totaled. A con^aresaive rotary 
swaging operation involves a hanraring action which has the sans 

30 banef iclal xnabcrial on ratal as forging. It produotB a desirable 
grain structure resulting in an increaoed tensile strength and 
elasticity. The eolxl (in tatperaturef sweginn tends to work harden 
noet mataUic msterialfi. If desired, such a hardening ton hz iflade 
more flexible by annealing. 



fi ■ • • ■ * • * ■ 
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In a rotary flwacor? operatica, the extent to which the ©waged 
material da reduced In cxr»3S-se:±icnal area oan lie controlled very 
accurately. For ecaaupln, sinco n aiataa-Ghsathedl ©olid cratearial- 
insulated. csepsr-cored oloc^ric^3.l7*c«ndurtivc coble behpves as a 
5 solid irate r*ai during a rotary waging operation, such a cable 
havirxj a dianoter of from *i>:ut 0.66 to 1.25 an can be awigcd to a 
reduced die/rotor with au accuracy ol abent pl.ua or minua 0.0025 cm. 

figure 1 illustrates waged and unswarjed portions of a" cable 
preferred for use in the present invention. In tie oabte shown, a 
10 stainless steel sheath 2 surrounds a ndreral insulation 3 

consisting of highly compressed grains of iragneaiuin oxide and a 
wolid cmductive cava 4 of substantially para ceppfar is 
concentrloaUy surrounded by the Insulation and sheath. In a cable 
of the type shown, where the inner and cuter diameters of the 
IS Rheath Z to* 7,23 and 9 mu and the diairotnr of the cor* * is 3 n», 
iu the unwaged portion, the cable may <jsusrate a temperature of 
about 600 *C *hen conducting 180 arpen^s of alternating current- 
However, ii\ a swaged portion of tl\e cable having a diameter reduced 
by llfcr e tscopersMiTB of about 850 *C is generated when tho cable 
20 i» conducting the ssroa ourrent in tho same environment,. 

In a oroferred caroairant, the present invention can be 
utilited for providing a formation- tailored nrethod and apparatus 
for uniformly heating long In nervals of subterranean earth 
formations at high tcrrrpca: a ture . aconrdinc. to this netted 
25 sifcterranean interval are heated with an electric beator 

ocnta.tnl.ng at .leant any spoolable stoel-shaa.thei mineral- Insulated 
cable having a so:Ud central core of high clecwicsl conductivity, 
such a coblo can be arranoed to heat the earth fiance, ticos an tftit 
boat iu transmitted into the formations at a substantially uniform 
3D rate, even when the boating involves more than about. 330 watte per 
metre at tea^atures between about 600 and 1000 *C. tt» uniforadry 
of the rent transftib'slon is ensured by providing the heater with a 
pattern of electrical resistances with depth within tlve well 
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onrojiaftcrt *ith the pattern of heat cxaductiv.Uy with tSepth within 
the wwrrounding north fornatlans. 

Figure 2 shows o preferred eu'brxiiitBnt of a wall heater erf the 
present liwention being installed within a wall. Aff dtawn, » pair 
S of selectively swatjad halter osbles with sragad and unpaged 

porticos of tbe type tftewn to Figure 1 are being unseeded inix> a 
veil frcm spooling me ana 5 and 6 while a support mentor 7, fcucb as 
a wire lino ox spoolabla ratal conduit, is concurrently unspoolcd 
into the xell frcw & spooling wane (not fchewn) . The lewer end of 

ID the support jieans 7 is attached to a motor iroejw 8* surfc as a 

sinker bar for & vertical well ox a pimpnble or other raocor weana 
for a substantially horizontal wU. The lover ends oi the bating 
cable, flvaged portions lb/ are mechanically attached to a cable 
junction or en*-ccnnector 9 in which tbe conductive, coree or© 

15 elactricalLy Interconnected (as shown in more detail in Figure 4>. 
'Cha junction 9 is also tnechanically co nne cted to the support ireraber 
7, for «cawpbD by a strapping means 12. The lewar uitds of the cable 
porticoe, which are tvaged'for increaaed heating, arc electrically 
interconnected in the end connector 9 and positioned to OKtcnA 

?0 through the zone e&lected for receiving the iwaneaesa* testing. 

He unswsged porticos la of the heatta/ cabiee, designed for 
mineral heating along the «ono to be heated, are pneitkaned to 
extend above the evaqed portions lb for a distance sufficient to 
reach a zone which is cool enough for an interoonrjecti/» of tl:e 

25 heating cable poetise La with power supply cables 10 by weans of 
jodnta or splices U for electrically and aechonieally inter- 
nonnesting the powor supplying ar4 beating cables. Iho power surply 
cab lee 10 ore arranged for carrying a selected amount of current 
while generating only a minimal araount of beat, Tna details of 

30 suitable tnechanical arid electrical cable connecting joints for use 
vith natal-sheathed rainarral-inaulata&d power supplying cables are 
illjutrated tn Figure 3, 

As the boating anrt pewsr supply cables 1 and 10 are run \vtn 
tnu wail, along vrtth die wight-supporting strand It the cables are 
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periodically attached to the strand 7 by Tveana of clause or 
strapping ac&XLf 1.2- Such clones <ira arranged for creatitjy ft 
friction between the cables and strand which xb sufficient to 
support the weigtit of tSve lengths of the cable? which are lifted 
5 between the clanpe. 

Figure 3 illustrates details of preferred arrangement* of 
splices 11. As shewn, th£ pacer supply cahlu 10 h&a a metal sheath 
14, eucli as a ceppar sheath, &urrourvli\ig an insulated olectrically 
confiuctivB core 13 having a oocrbicvxtloin ot orofls-aesfciurtal area and 
ID electrical real starve par unit oi f length adapting it to carry fche 
current to be used in the beating operation vJiile generating only 
an insignificant arooune of beat* A» shown, the power cabla sheath 
14 aa veil as a power cable cere 13 aro larger ehaw the sheath 2 
and core 4 of the unswtgod portim erf heating cabio la. tha 
15 o^Suctivc cores of the cable are electrically interconnected, 
preferably by vsJdirxj. in general, the power cable can oonprise 
substantially any type of electrically conductive cable which ia 
adequately heat stabte at the temperature generated by the minimum 
heating portion of a boating cabla such as la- Where the maxima/a 
20 ©elected heating tenperaturo is auff iciently low and/or tlia 
distance between the power supply and zene to bo heated is 
adcxniately short, the cower supply cable can cenpris* a flrotai- 
sheathed mr^raL-intu'latod aolloV<ared cable which is selectively 
swaged to provide tio elected heatvig ten^erature so that no 
25 splices such as splices 11 aro nooded. 

AO shown in Figure 3, a relatively short steeve 15 , such as 'a 
steel *1l«vc, is fitted around and wldod or braced, or otherwise 
irachanically attached, to the aheath 14 of the power cable 10. Tho 
sleeps 15 U prefcrabiy selected to havo an inner diareter forming 
30 an annular spaco between it and aheath 2 largo, enough to 

accomodate a shorter atoel sleeve 16 fitted around the sheath of 
tlve cable la. In a preferred assembling prtxaalura, before insertiitg 
the short sleeve 16, substantially all ot the annular eyaca between 
the cable core tnartbera 4 and 13 and olorve 1.5 U filled with a 
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poNdared mineral insulating material such as magnesium oxide. The 
insuiRtJ.ng material is preferably depoaitcra within both l:he annular 
space b^cween the cable cores and the sleeve 15 as «eU a» the 
speoc between the bjUjhvc 15 and the nheath 2 of the cable la, and 
5 vibrated to oorpact the trass of particles. Sleeve 16 am tJien be 
driven In bo ere space betu^on the gieeve 15 and aheath 2 so that 
the crt>S£ of TrdJieraJV ineulating particles la compacted by the 
driving force. Slocvcs 13 and 16 and aheath 2 ore then welded or 
braced together. 

10 Figure A illustrates detail b at an and connector or splice 9. 

As fibers, cables lb ana coctanded through holed in a seed block 9 
so that short aestiens lc extend into a cylindrical opening in tJie 
central portion of the block- Dva clect.Tical.ly conductive oores of 
tha oablft9 are welded together at weld 17 aoS the cab.Le slioaths are 

1? '^Idod to block 9 at we Ida IB. Preferably, the central conductors 
of the cabins are surrounded by a heat 6t*blc olectrical inflation 
such as a nktss of compacted powder&d mineral particles and/ar hy 
discs of ceramic materiala (not shown) , after vdiich tho central 
opening is sealed, for example, by welding-en pderea of a teal (not 

20 shnwn) . where the heater is supported, as Strom in Pigure 2, by 
attaching it to an elongated cylindrical structural member 7, a 
groove is is preferably formed along an exterior portion of end 
epiioo 9 to mate with the structural mtaubor and facilitate the 
attaching of the end piece bo that member, for example, by a 

2S strapping means 12. 

Figure 5 aheve a prcfarrcd type of end connector which 
cluiuvateB the need for cutting and welding a heater oaM* to form 
a pair of heatiir cables, such as cables 1.6. The beater cable is 
simply bent into a U-turn and cos chan Leal Ly clamped to block 20 by a 

30 boi bed-on clamping plate 21. Tho blooX 20 is preferably provided 
with grcov* 22 to facilitate tno clanping of it to a cylindrical 
structural warber such an the cylindrical ffwabor 7 shewn in 
figure 2. 
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In general, the power supplying elements can coaipriee 
substantially any w: oar VC syiton capable of causing a hauti>r of 
tha present type ro heat at tho selected relatively high veto. Such 
a beating rata can be about 330 watts pax metre or warn, 
5 Figure 6 is a diagram of a preferred irran^wna^b of 

alternating currwit olectrtoat power oupplvlng elenrent* suitable 
Sere tha present typo of heabex. 'rhis arraiirjejrent Includes cv/o 
inverse, parallel, ailioon-oontro.Ued rectifiera <SCRs) in the 
circuits of. both elements of a two-*l ernes it heater. In such a 
no balanced system the hwter lugs should be ot equal resistance <x> 
that tha cubic core junction, point A, (Within end oonnector 9) can 
raroin at zero voltage or virtual ground pobcntial. lne sheaths of 
the heater cables arc ooortnected to the groundod centre tap of the 
trans SocTusT Hfcnoiary. Since point A repreoente the welded 

15 connection wifchto the end piano 9, the poeential difference between 
tho connection and the housing will bo zero tor all practical 
purposes. Thise points could be in electrical contact %u\thout any 
conduction of current, rtt points advancing upward alcn? the lege of 
the heater, the potential difference between tho sheaths and the 

20 central conductor can increase and finally reoch ctoxicrum3 such aa 
plus or nunut 2<0 V. 

Xn various b! tuitions in which an elongated apace lb to be 
heated, the in aitu tfjsrmal conduction ray vary significantly 
within various layers or loo* t tons along that space. A iirare hoat 

25 conductive layer will carry off tha hoat generated by a heater 

iaater than a less conductive layer. Pji a result, the tejrperoturs 
maintained by an electrical resistance hoater carrying a given 
anoant of current will V* tower opposite e more conductive layer* 
In situation* in which it is desired to nwintain a t J At or uniform 

30 heating rate alojtg the space being heated, it is daeirablo to 
reduce tba he titer core cross -sectional area in order to garicrate 
neat at tha satne rats as that in otiier portions of the heater whJch 
are liotter. 
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An oleotrical resistance heater can ba caneud to saicrate 
selected hearting ratea at different Lor.ati.one aloeig the heater Iry 
installing boater sectiona acmtainlttj conductors erf varying clcc°s- 
eections. 'Una KiuaLl£?r core or oaatfuctnr croes-secticna exhibit hots 
5 resistance to thu electrical cur rent flew aud thua generate teat et 
a rate higher than wculd be generated by a thicker core At tha s«r« 
ten^ooratura. *br exanple r it can heat at a selected rata at lx*«cr 
taiparature exist ing along a relatively mora Kent ccnductfve layer 
or cone within the apace iwing heated, 

\0 TV>d present invention provide.* * method of causing a heater 

havirg an electrically conductive cox* which ia continuous and 
unitary bo generate constant and/ or selected, aamnta of heat along 
one or a multiplicity of different portions of the tester without 
requiring a aoLtitudc of heating cabl* splices. Particularly where 

15 the heating is to ba conducted at. relatively high tx*rr*cratiTneH te 
long tires, velding problems and opportunities for leakage are 
inherent in any cutting and splicing of electrical haatln? cablpa. 

In raspecL to an electrical resistance heater comprising a 
pair of electrically ^tnrconnacbsd tfiatal-sheathed solid initcrial- 

20 insulate:* cables each containing a malleable fffctal. elflctrically- 
conductiv^ core, *o\xr sets of rntary switching dies can ba arranged 
for pxcfrifllng percentages of fliamatrical reductions of 6/ 12, IB 
and 24 in the initial overall diarater of each cable an* its 
oanrtetive uore. "By reducing one portion of the cable diameter by 

?/j 5* and another by 121, the overall reduction is 91. such 

procedures, ny * overall croas-aocticnal reducticna for both legs of 
the heater can be provided in eight st*pa of roughly lot each. For 
example , sec the following table: 
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OlAMBTaiC&L RirocnXW ORCSS-SECTfCtAl REDUCTIOT 

L9G 1 LEG 2 DOa^ LEGS 



0 


6 


n.<> 


6 


6 




€ 


12 


34,2 


12 


12 


45,1 


12 


18 


55,3 


18 


LB 




18 


24 


75.0 


24 


24 


04.5 



irv such a procedure, if the arxwe-deecribea praforrcai pcwrr 
supply Is to be uaed, it is nacsssary that each leg of fcha fcoater 
after reductions lu iL9 core diameter have en overall resistance 
ocjuallln? that of the otter leg after reductions In its oxtb 
S diameter* This is necessary to ensure tho tero voltage potential of 
the inter oonnooted cavSuctora in the end piacc. IVtos, it is 
ueceaBary to divide the overall extents of electrical care 
reductions evenly over both lsajtlra of the heater. 

Substantially any oouiprosKiive ivaqipg procedure which is ar is 
10 substantially equivalent to rotary swaging c©u euifcably be used in 
prcctteirig the preeww. ircvention, a^molcs of waging machines 
and/or techniques which can suitably be used are incluRiTO of die 
closing awegincf machines, such aa thee* ifinufactxired by Iba 
Torringtco Ctwpany, ox Abbey Aetna Jtecbine Company or Tfcra 
t.5 Manufacturing, etc. 

Power supply cables capable of trananitting the wounc of 
current selected to be ueod while gcnoratiiv? only a relatively 
Insignificant amount of haat and having sufficient thermal 
stability fox electrical and itfxfctinicel attachment to thu motal 
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shea Chad cable scluuted for Generating a tainiroo sncvnt of heat can 
suitably be uHed in this invention. Examples of such cabl<ee includa 
those available as DXCC/Pyrotcnac MI rabies. 

In general f in a situation in which an electrical cxxiductor 
5 teed not bo insulated;, the present Invention can ba practised vtth 
substantially any electrical conductor vtoich \b continuous and 
unitary (i.e. is a continuous body froo of inbercctmected * segrconts 
or strands* end ha* a o:>re or conductor thickness (i.e. a cross- 
jjectiooal. area of the electrically conductive ireterlal) vhich is 
10 different in different locations along the length of the electrical 
conductor. Preferred electrical conductors comprise siixfle 
conductive cores of malleable metals or alloys surrounded by a heat 
atahla eolid insulated ra-berial vitJiin a heat stable ffGtal sdteath 
such aa refractory powder cor solid fibre insulating materials 
\5 watbiu copper or stool sheathe* A copper core surrounded by 

pondered wagrwaiuci odd© within a c opp er sheath lor use at tnooaratu 
temperatures, or a stainless steel iheath tor ucc at high 
torpor afcurea, is particularly preferred. 

In general, the present invention can te utilised to initiate 
20 ana itaintaJn a substantially uniform rate of Seating along a space 
containing at least erne portion having a relatively low rata of 
lieat conductivity and/or to establish and nalnt*.5n a relatively 
high rate of boating along selected portions alan? a space 
. throughout which the rate of heat conductivity Is nearly uniform- 
25 Voe variations in haat conductivity with distant alcog an 

elcngated path can be oe^jarmined by trean« of numerous known wid 
available de : nce» and teohni^ r uas. 

m a particularly prefurrod procedure Cor utilizing the 
present invention Cor heating along a path along vfrich the beat 
30 conductivity is nor* -uniform, e selection is mads of the rate of 
heating bo be provided when an electrical conductor having tha 
composition to be used is conducting the amount of current to ba 
used within o honogondous medium Uavux? the lowest heat 
conductivity to ba encountered aJcng the path to be heated. The 



http://patents 1 .ic.gc.ca/fcgi-bin/any2html 



01253555dis.afp Page 13 



P:\ge 2 of 3 



maxlww thickness for the electrical conductor to ba used is. then 
the thxdcneaa which providea that rata of heatirjg in that 
situation. 'Its thickness of portions of the conductor to be 
jrtaittaned along portions oil the path which havt higher h«at 
0 conductivities are then Jtadc thinner to an extant substantially 
caipenBatdng for tha mora rapid conAucting^v#Ay of the teat by 
those higher baat oaiduntivitias. 

Mterrjati^sly, where It i* ceairable to generate heat at 
relatively rapid rat** along portions of a path to ba heated (for 

10 cxairple/ along tcp and bofctcm portions of a mjbterrancan earth 
fartxatiim) audi uti arraiigHnent can be n*de, a.Yehcr.igh the. heat 
ccndjctivity nay be substantially uniform all along the path to Ix? 
heated. 'rt» conductor thictaess and roaistance to be used nlong 
moat of tJ\e cable conductor tire select to provide the ealflcbed 

15 rate of heating along a hcrogensoos itaterial having the hoat 

cenductivity oaaico to aoat.of tho Interval to be heated. Then, the 
ttore rapid heatirjg rate along ac^ted portions of the path can be 
obtained by thinning the portions of tha conductor to be ext&ndad 
along tboae portion* of! the path. 
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THE &KB0t>:ctlRnT3 OP THE INVENT I OH Iff WHICH AH E>ICLUfiIV3 
PROPERTY OR PRIVILEGE 13 CLAIMED ARE DRPIUSD AS i'OlI«OW$i 

1 . In a fi-ocaas In which aubterrwjeau earth format Xc^ub 

within an Interval wore than ion feet long are hoatod to a 
temperature ot wore than 600°C., bo that heat is injected 
substantially uniformly into that iuterval, an improvement for 
constructing and installing a heater having an electrical cable 
heating section vhleh la free n£ Bplicefc. comyri*ing> constructing 

heating cahle section by compress tvely swaging at least one 
portion of! a juaotion- tre e eleotclcal heating cable te reduce its 
6l2e at Said at least one portion, said cable is at least ae long 
aa the earth formation interval co be Seated and comprises an 
exiaVXy aVlgned, malleable, electrically conductive core 
surrounded by granular xUnexal insulation within a netal sheath, 
bo that fcvaged portion generates heat at a lato higher than the 
unpaged portion; correlating the looation of said flwaging with 
the pattern of heat conductivity in the earth formation interval 
BO that at least cna compresaivoly swaged, portion of rht cable is: 
located along the cable in a position such that, wh*n tho cable in 
extended along the earth formation Interval to he heated, the 
cowpro naively swaged portion ia adjacent to a portion of the earth 
formation interval in which the heat conductivity li relatively 
high) connecting said selectively svagert heating cable ncction to 
at least one power supply c&hie and tiooolincr the interconnected 
cables? and unepooling the intercoouected cables into a wellbore 
along with a weight-eupporting metal conduit while periodically 
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attaching tUe cable* to tlx* conduit a.ud extending the cebilea end 
conduit to a do$th at which the comp rensivoiy avatfod portions 01? 
the cable are portioned adjacent to tU* earth tarnatlona baviog a 
relatively high thermal conductivity. 
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ABSTRACT 

ISftttR? RATS VARIANT 
ELQKGMTD MXOT TCtti HEBiaWWCB IIEKIER 

An eiectxicai resistance Ueaeer capable of gonorating Iveat at 
different at different locations ailcng ita laoyth corporis©* a 

ccntinuoua arid unitary electrical conductor haviuj a thictaees 
which is different at different locations along ita length. 
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